The growth kinetics of Flavobacterium sp. strain S12 specialized in the utilization of glycerol, and a number of oligo-and polysaccharides were determined in batch-culture experiments at 15°C in pasteurized tap water supplied with very low amounts of substrates. Ks for the growth on maltotriose, maltotetraose, maltopentaose, and maltohexaose were 0.03 ,LM or less and below those for glucose (1.5 ,LM) and maltose (0.16 ,uM). K,s for starch, amylose, and amylopectin were 8.4, 25.6, and 11.0 ,ig of C per liter, respectively. A yield of 2.3 x 107 CFU/,ug of C on the oligo-and polysaccharides was calculated from the linear relationships observed between maximum colony counts in pasteurized tap water and the concentrations (usually below 25 ,ug of C per liter) of supplied compounds. The maximum colony counts of strain S12 grown in various types of raw water and tap water revealed that raw water contained only a few micrograms of maltose-and starch-like compounds per liter; in tap water the concentrations were all below 1 ,ug of C and usuaHly below 0.1 ,ug of C per liter. The application of starch-based coagulant aids gave increased concentrations of maltose-and starch-like compounds in the water during treatment, but these concentrations were greatly reduced by coagulation and sedimentation, rapid sand filtration, and slow sand filtration.
Polysaccharides consisting of glucose units with 1,4-a and 1,6-a linkages are normal constituents of animals, higher plants, algae, and bacteria and are therefore present in surface water. Starch-based polyelectrolytes are used as coagulant or filter aids and as sludge conditioners (1) .
Starch-like compounids originating from either the raw water source or their use in treatment processes may remain in drinking water, thus contributing to an undesirable growth of bacteria in distribution systems.
Bacteria belonging to species of the genus Flavobacterium utilize starch and a number of maltose-like oligosaccharides at concentrations below 10 ,ug of C per liter (6, 7) . The growth constants of one particular strain were determined. Subsequently, growth of this organism was measured in water sampled from various treatment stages and in drinking water to determine the concentration of maltose-and starchlike (MSL) compounids in these water types.
MATERIALS AND METHODS Organism. Flavobacterium sp. strain S12 was isolated from tap water (slow sand filtrate) incubated at 15°C after enrichment with 100 ,ug of starch carbon per liter. Of 28 carbohydtates tested, the following were utilized as the sole source of carbon and energy for growth when present at concentrations of 1 and 10 ,ug of C per liter: sucrose, maltose, raffinose, maltotriose, maltotetraose, maltopentaose, maltohexaose, stachyose, and the polysaccharides amylose and amylopectin as present in starch. None of 18 amino acids, 18 carboxylic acids, and 11 aromatic acids tested promoted growth when present at either concentrations of 1 or 10 ,ug of C per liter or at a high concentration (2.5 g/liter). Of the four alcohols tested, only glycerol was used for growth. Simple nitrogen compounds (NH4' and NO3-) were suitable N sources, and no vitamins are required for the growth of strain S12 (7). * Corresponding author.
Growth measurements. Growth measurements with strain S12 in various types of water or in tap water supplied with very low amounts of carbon compounds were conducted in heat-treated (0.5 h at 60°C) 600-ml samples in thoroughly cleaned Pyrex glass Erlenmeyer flasks (1 liter). These flasks were incubated at 15 + 0.5°C (no shaking). The cleaning procedure has been described previously (6) . Solutions of carbon compounds and NH4Cl were prepared in tap water contained in culture tubes and also heated at 60°C for 0.5 h before their addition to the water samnples. NH4' N was supplied at a ratio to added C of 1:6. The water samples were inoculated with 100 to 500 CFU of strain S12 per ml. For this purpose, the organism was cultured in tap water supplied with a low amount (<O.1 mg of C per liter) of a suitable carbon compound (usually maltose or maltotetraose). These cultures were used for inoculation when maximum colony counts had been reached and were declining as a result of starvation. Growth curves of the organism under various experimental conditions were obtained by determination of the colony counts at regular intervals. The streak-plate technique on Lab-Lemco agar (Oxoid) described previously (6) Fig. 1 demonstrate the reproducibility of the growth measurements.
Strain S12 was also grown in the presence of various concentrations of maltose, maltotriose, maltotetraose, maltopentaose, maltohexaose, soluble starch, amylose, and amylopectin. Nmaxs over a range of 0 to 25 ,ug of added C per liter were observed (Fig. 2) . The slopes of the linear parts of these curves were calculated and gave the Y values (CFU per microgram of C) of strain S12 for the various compounds. The Y value for glucose was calculated from Nmaxs obtained at 100 and 250 ,ug of C per liter (Fig. 1) . Most Y values were equal to or close to 2.3 x 107 CFU/,ug of C (Table 1) .
The effect of the AS of the various compounds on the G-1 in the exponential phase is shown in Fig. 3 
(1) where G and Gmin represent the observed and minimum generation times, respectively; K, represents the substrate saturation constant equal to S when G = 2 Gmin. According to equation 1, the rate of growth (1/G) is proportional to S when S << K, because in this situation: Perfectamyl (an anionogenic polymer) were obtained from waterworks in which these compounds were used in water treatment. These aids were produced from potato starch by AVEBE, Veendam, The Netherlands. of C-1 liter. Furthermore, strain S12 multiplied much more rapidly at low concentrations of polysaccharides (amylose, amylopectin, and starch) than at low concentrations of glucose and maltose.
The organism grew very poorly in tap water without an added carbon source. The Nmaxs of the blanks of the various experiments were always below 1.7 x 104 CFU/ml (and occasionally below 103 CFU/ml) and G values calculated for the blanks were always above 40 h (and occasionally above 300 h). Plotting of the G-ls against the corresponding NmaxS gives a curve which resembles parts of Fig. 3 Growth rates (G-1) of Flavobacterium sp. strain S12 at 15°C in relation to various concentrations of oligo-and polysaccharides added to pasteurized tap water. (Fig. 5) . The slope of this curve was 0.014 h-1/104 CFU ml-'. Use of the Y value of strain S12 for MSL compounds gives a slope of 0.032 h-*,g C-1 liter, which is close to the substrate affinity of the organism for amylopectin (Table 1 ). This observation suggests that very low concentrations (<1 ptg of C per liter) of compounds resembling amylopectin were present in the blanks.
Kinetics of growth at low concentrations of starch-based coagulant aids. Three starch-based coagulant aids were tested for their growth-promoting effect on strain S12 at concentrations which were equal to or below 1,000 p.g of C per liter. NmaxS of strain S12 observed with identical concentrations of Wisprofloc 20 and Perfectamyl were quite similar, but lower values were obtained for growth on Wisprofloc P. (Fig. 6A) . The relationships between AS and Nmax were nonlinear at low ASs. The growth rate of strain S12 at low concentrations of the coagulant aids is affected by the growth rate of the blanks (Fig. 6B) . Growth constants were calculated by 5 . Growth rates (G-t) of Flavobacterium sp. strain S12 at 15'C in samples of pasteurized tap water without added substrate in relation to the corresponding maximum colony counts (Nmax) nonlinear regression analysis, with the growth rates corrected for the growth rate of the blanks. The substrate affinities of strain S12 for the starch-based coagulant aids (Table 2 ) were 10 to 20 times lower than those for amylopectin and amylose ( Table 1) .
Growth of strain S12 in water sampled from various stages of treatment systems. The growth kinetics of strain S12 for (Fig. 7) . A combination of rapid and slow sand filtration as applied at location B (B5, B6) removed the MSL compounds to a nondetectable level (Nmax < 103 CFU/ml) in the slow sand filtrate Fig. 7BII, stage 6 ). (Fig. 7A, stage 3, (2) a NH4C1 (0.9 mg/liter) was added to all samples. The added amounts of PAC (powdered activated carbon), Ca(OH)2 and FeCl3 are equivalent to their addition in a practical situation. Perfectamyl was added after the dosage of PAC, Ca(OH)2, and FeCl3. (1) and (2) indicate duplicates. the initial growth rate by periodic colony counts. The batch-culture technique as applied in this study enables an accurate assessment of the growth kinetics ( Fig. 3 and 4 and Table 1 ). Furthermore, the suitability of the Monod equation (equation 1) for describing the relationship between growth rate and substrate concentration is clearly confirmed.
When expressed in micromolar amounts, the Ks of strain S12 for the maltodextrins (0.015 to 0.026 ,uM) were about 10 times below the K, observed for maltose (0.16 ,uM), which in turn was 9 times lower than the K, for glucose (1.5 p.M) ( Table 1) . Comparison of these values with either Ks or substrate saturation constants for transport (K,) observed in other bacteria is limited by the lack of data available for maltodextrins. K,s of Escherichia coli for maltose (1 ,uM) and maltotriose (2 ,uM) as reported by Szmelcman et al. (5) are much higher than the Ks found for strain S12; this is not astonishing. In contrast, the K, for growth of E. coli on glucose, observed in batch experiments, varies between 0.3 (4) and 1 ,uM (10) and is clearly below the K, of strain S12 on this substrate. For galactose, which did not promote growth of strain S12 when present at a concentration of 10 ,ug of C per liter (7), E. coli also has a low K, (0.49 ,uM) (3).
The Ks and substrate affinities [(Gmin X K2)-f] of strain S12 for growth on maltotriose, maltotetraose, maltopentaose, and maltohexaose are remarkably similar when concentrations are expressed in micrograms of C per liter (Table  1 ). This similarity suggests that either the rate of transport decreases proportionally with increasing size of these molecules or a metabolic process is determining the observed substrate affinities. It is obvious that the low substrate affinities for glucose and maltose are not the result of a metabolic process, because the above-mentioned substrates also provide glucose molecules as a source of carbon and energy. The highest values for substrate affinities of strain S12 (7.2 x 10-2 to 8.3 x 10-2 h-1 * ,ug of C-1 l liter) are very close to the substrate affinity of P. fluorescens P17 (approximately 9 x 10-2 h-1 * jxg of C-1 * liter) for growth on arginine (9) and the value observed in another Flavobacterium sp. (approximately 6.5 x 10-2 h -1 * ,g of C-1 l liter) for growth on glucose and starch (6) . Further research is required to determine whether significantly higher substrate affinities for single substrates exist in nature.
The large difference between Ks for maltotriose and for glucose and maltose suggests that strain S12 did not hydro- (7) . It is not known whether the starch-decomposing enzymes function in a different way at low substrate concentrations (J. M. A. Janssen, Ph.D. thesis, Agricultural University, Wageningen, The Netherlands, 1979). Growth kinetics of strain S12 obtained for amylose and amylopectin reveal that these compounds also were not hydrolyzed into glucose and maltose before uptake, but most likely, maltodextrins were formed. The more rapid growth of strain S12 with amylopectin than with amylose when present at low concentrations (Fig. 4) demonstrates an efficient adaptation to the hydrolysis of this branched polymer, which is structurally related to glycogen. The latter compound is widespread in nature as a storage compound in bacteria, algae, and plants. The mechanism for the rapid growth on this branched polymer was not elucidated.
The starch-based coagulant aids were much less readily utilized by strain S12 than amylopectin and amylose. Structural changes in the polysaccharides contained in these compounds, as induced by various chemical processes, seem responsible for this difference.
Plotting of the reciprocal values of G against the corresponding Nmaxs resembles the construction of the curve as expressed by equation 1 . The position of the obtained data characterizes the growth-promoting properties of a specific water sample for a specific organism. However, when mixtures of compounds which may be utilized by the organism are present in the water, the generation time in the exponential phase of growth is particularly affected by compounds for which the organism has the greatest affinities, whereas Nmax is the result of the utilization of all growth-promoting compounds. For onto solids prevents their utilization by strain S12 (Table 4) . Such an adsorption, however, was not observed in the experiments with tap water supplied with various compounds (Fig. 2) .
The growth experiments with a few types of water used for the preparation of drinking water revealed that the concentrations of MSL compounds were only a few micrograms of C per liter. In most of the tap-water samples, these concentrations were clearly below 1 ,ug of C per liter (Table  3 and Fig. 7) . Ozonation, causing a clear increase of the concentration of carboxylic acids, including oxalic acid (8) , hardly affected the concentration of MSL compounds. Coagulation and sedimentation processes (without dosage of a starch-based compound), rapid sand filtration, and slow sand filtration resulted in substantial decrease of these concentrations. Concentrations of MSL compounds were increased by the addition of starch-based products. Most of the coagulant aids seem to be removed in the coagulation and sedimentation process.
MSL compounds introduced into water may promote biological activity in filters removing these substances. Their presence in tap water results in bacterial regrowth in distribution systems. Under such conditions, growth of Flavobacterium sp. may be particularly enhanced. This genus includes bacteria which seem specialized in growth at very low concentrations of oligo-and polysaccharides consisting of glucose units with 1,4-ox and 1,6-ot glucosidic linkages. However, the common occurrence of yellow-pigmented bacteria in water samples in various treatment stages and in drinking water (2) is not necessarily related to the use of starch-based coagulant aids, since (i) these bacteria grow on various other compounds and (ii) MSL compounds may be present in natural waters at higher levels than reported in this paper.
